mycophenolic acid (24%), cyclosporine (14%), and azathioprine (11%). Median (range) time from liver transplantation was 7.5 (0.3, 24) years. The SVR12 rate was 96%. By genotype, SVR12 rates were 95% (genotype 1), 100% (genotype 2), 97% (genotype 3), and 100% (genotype 4). Two patients experienced virologic relapse: one with genotype 1a infection was non-cirrhotic and treatment naïve, and one with genotype 3 infection was non-cirrhotic and treatment experienced. One patient discontinued SOF/VEL due to hyperglycemia. No serious or severe adverse events were deemed SOF/VEL-related by 
LAY SUMMARY
Sofosbuvir/velpatasvir is a combination of two drugs in one tablet that is approved for the treatment of patients with chronic hepatitis C virus (HCV) infection. When patients with chronic HCV infection receive a liver transplant, the HCV infection usually recurs, and damages the liver transplant. This study tested the effects of 12 weeks of sofosbuvir/velpatasvir treatment in patients who had HCV recurrence after a liver transplant. Three months following the end of treatment, 96% of patients were cured of HCV infection.
INTRODUCTION
Among HCV-infected liver transplant recipients, HCV recurrence emerges in nearly all patients [1] . Within 5 years post-transplant, cirrhosis related to HCV ensues in approximately 30% of patients with recurrent, chronic HCV infection and is associated with increased graft loss rates and death [2] [3] [4] [5] . In the setting of post-transplant immunosuppression, the rate of hepatic fibrosis is accelerated in HCV-infected patients compared to the pre-transplant period [6] .
Historically, the therapeutic regimen to treat HCV recurrence in liver transplant recipients was the combination of interferon and ribavirin. This regimen was marked by sustained virologic response (SVR) rates of less than 30% and poor tolerability [7] [8] [9] .
More recently, the regimen of sofosbuvir (a nucleotide analog HCV NS5B polymerase inhibitor) with ribavirin has led to improvements in tolerability and SVR rates coupled with shorter treatment duration [10] [11] . Further improvement in SVR rates (88% to 97%) has been observed in liver transplant recipients treated with sofosbuvir in combination with a second direct-acting antiviral (DAA; simeprevir, ledipasvir, or daclatasvir) and ribavirin, or the regimen of ombitasvir, paritaprevir, ritonavir, dasabuvir, and ribavirin [12] [13] [14] [15] [16] . Despite these important advances in therapy, some regimens have suboptimal efficacy (<90% SVR rates), none of these regimens is pangenotypic, and all contain ribavirin, exposing patients to the known hematologic, constitutional, and neuropsychiatric effects [17, 18] . Glecaprevir/pibrentasvir is a recently approved ribavirin-free regimen that led to high SVR rates in liver and kidney transplant recipients in clinical trials, but was not evaluated in cirrhotic or treatment-experienced genotype 3 HCV-infected transplant recipients [19] . Thus, an unmet need remains among liver SOF/VEL Post Transplant 8 transplant recipients for interferon-and ribavirin-free regimens that are effective for all genotypes regardless of prior treatment experience or cirrhosis status, are well tolerated, have high barriers to resistance, and low propensity for drug interactions.
The single-tablet regimen of sofosbuvir and velpatasvir (SOF/VEL) combines sofosbuvir with the second-generation, pangenotypic HCV NS5A inhibitor velpatasvir; both drugs demonstrate potent antiviral activity against HCV replicons in genotypes 1 through 6. In phase 3 trials in non-transplant patients without cirrhosis or with compensated cirrhosis, a 12-week regimen of SOF/VEL led to SVR rates at 12 weeks after the end of treatment (SVR12) of 99% in patients with HCV genotypes 1, 2, 4, 5, and 6, and 95% in patients with HCV genotype 3, regardless of prior non-NS5A treatment experience [20, 21] .
These results have been confirmed in real-world trials [22] [23] [24] [25] . Importantly, no drug interactions between SOF/VEL and immunosuppressant medications are anticipated [26, 27] . These features make SOF/VEL well suited to address the unmet medical needs of liver transplant recipients.
To evaluate SOF/VEL in the setting of HCV recurrence following liver transplantation, this multicenter, open-label study evaluated the safety, tolerability, and efficacy of SOF/VEL administered for 12 weeks in liver transplant recipients with chronic HCV infection. For further details regarding the materials used, please refer to the CTAT table. The study design, which was in compliance with the Declaration of Helsinki, Good Clinical Practice Guidelines, and local regulatory requirements, was approved by the institutional review board or independent ethics committee at each participating site (Supplement). The study was conducted according to the protocol by the sponsor (Gilead Sciences) in collaboration with the academic investigators. All patients provided informed consent.
PATIENTS AND METHODS

Patients
Assessments
Serum HCV RNA was measured using the COBAS AmpliPrep/COBAS TaqMan HCV Quantitative Test, v2.0 (Roche Molecular Diagnostics, Pleasanton, CA, United States) with a LLOQ of 15 IU/mL. HCV genotype and subtype were determined using the VERSANT HCV genotype INNO-LiPA 2.0 Assay (Siemens Healthcare GmbH, Erlangen, Germany). For patients for whom genotyping data could not be provided with the VERSANT assay, either the TRUGENE HCV 5'NC Genotyping Kit (Siemens Healthcare GmbH) or NS5B sequencing was used to determine genotype/subtype.
Deep sequencing of the HCV NS5A and NS5B coding regions was performed on all patients from the Resistance Analysis Population (patients who achieved SVR12 or had virologic failure) to detect resistance associated substitutions (RASs) present at baseline and again for patients with virologic failure to detect treatment-emergent RASs.
RASs present in more than 15% of read sequences were reported [28, 29] .
Safety assessments included monitoring of adverse events (AEs), clinical laboratory tests, and vital signs assessment at all on-treatment and post-treatment visits and physical examinations at baseline, week 12, and post-treatment weeks 4 and 12.
Statistical Analyses
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The primary efficacy endpoint was the proportion of patients achieving SVR12, defined as HCV RNA <LLOQ 12 weeks after treatment cessation, among all enrolled patients who received at least one dose of study drug. The proportion of patients with SVR12
was calculated along with a 2-sided 95% confidence interval (using the ClopperPearson method) by genotype and for the overall study group. The effects of age (<65 versus ≥65 years old), gender, cirrhosis status, and prior treatment experience were assessed through subgroup analyses using identical methods. The primary safety endpoint was any AE leading to discontinuation of study drug. SAS Software version
was used for statistical analysis (SAS Institute, NC, United States).
Because this is an exploratory study, no formal power calculations were used to determine sample size. A sample size of 80 patients was selected for practical reasons.
RESULTS
Of the 85 patients screened, 79 patients were enrolled, treated, and completed the study (Supplemental Figure 1) . Baseline characteristics are shown in Table 1 The genotype 1a HCV-infected patient who relapsed had the NS5A RAS K24R at baseline and at relapse and the treatment-emergent NS5A RAS L31V; the genotype 3b HCV-infected patient who relapsed had NS5A RASs A30K and L31M at baseline and relapse and the treatment-emergent NS5B RAS S282T.
Safety
One patient with a history of diabetes discontinued SOF/VEL on day 7 due to an AE of hyperglycemia that started on day 4. All other patients completed treatment. A summary of the AEs and laboratory abnormalities is provided in Table 2 . The most common AEs were headache (24%), fatigue (20%), and cough (10%). Serious AEs occurred in 3 (4%) patients (hepatocellular carcinoma, joint swelling, and Klebsiella pneumonia) and severe (grade 3 or grade 4) AEs occurred in 3 (4%) patients (toothache, joint swelling, and Klebsiella pneumonia), none of which were deemed related to study treatment by the investigators. No adverse events associated with renal dysfunction were reported. 
DISCUSSION
Once-daily treatment with SOF/VEL for 12 weeks led to an SVR12 rate of 96% in liver transplant recipients with recurrent genotype 1-4 HCV infection. Treatment was well tolerated with one treatment discontinuation due to an AE, no episodes of rejection, and no adjustments to immunosuppression to manage suspected drug-drug interactions.
These results occurred in the setting of no restrictions on concomitant immunosuppression therapy allowed in this study.
These results are especially notable because they were achieved in a broad HCV genotype 1-4 infected liver transplant population. Notably, 59% of the patient population SOF/VEL Post Transplant 15 was treatment experienced, 44% had HCV genotype 3, and 18% had compensated cirrhosis. Characteristics associated with harder-to-cure patient populations, such as HCV genotype, the presence of cirrhosis, prior treatment experience, and pretreatment RASs had no clinically meaningful impact on SVR12 rates.
The SVR12 rates in the current trial were equal to or exceeded those of previously studied ribavirin-containing DAA regimens. Across genotypes, SVR12 rates in this study were 95% to 100%, while sofosbuvir combined with ribavirin and a second DAA (simeprevir, ledipasvir, or daclatasvir), or the regimen of ombitasvir, paritaprevir, ritonavir, dasabuvir, and ribavirin led to SVR12 rates of 88% to 97% [12] [13] [14] [15] [16] . Ribavirinfree regimens such as SOF/VEL constitute a great advantage, especially in liver transplant recipients who are more vulnerable to the hematologic and constitutional adverse effects of ribavirin [17, 18] . Additionally, SOF/VEL is a one-pill-per-day regimen, and as such may be particularly important to liver transplant recipients who have high underlying pharmacologic burden.
The results of this study also compare favorably with the results from the MAGELLAN-2 trial, in which SVR12 was achieved in 99% of patients treated with glecaprevir/pibrentasvir after liver (80%) or kidney (20%) transplantation [19] . In contrast to our trial, MAGELLAN-2 did not evaluate patients with cirrhosis and fewer patients had HCV genotype 3 (24% in MAGELLAN-2 versus 44% in our trial) and prior treatment experience (34% in MAGELLAN-2 versus 47% in our trial).
One limitation of this phase 2 study is the relatively small sample size. Additionally, although patients with genotypes 5 or 6 were eligible to enroll in this study, none were enrolled. However, data from this trial are consistent with efficacy and safety data from SOF/VEL Post Transplant 16 the broader phase 3 ASTRAL clinical development program in non-liver transplant recipients, where SVR12 rates were 95% in genotype 3 and 99% in genotypes 1, 2, 4, 5, and 6 following 12 weeks of SOF/VEL treatment [20, 21] . Similar results have also been observed in real-world studies of non-liver transplant recipients [22] [23] [24] [25] . The consistency among studies provides confidence that the current results are representative of the safety and efficacy of SOF/VEL in liver transplant recipients.
Conclusions
The single-tablet regimen of SOF/VEL was well tolerated and highly effective in genotype 1-4 HCV-infected liver transplant recipients. SOF/VEL is a pangenotypic, ribavirin-free, simple, and well-tolerated treatment option for HCV-infected liver transplant recipients. Table 1 . Baseline demographics and disease characteristics.
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